Background: Adipose tissue is an abundant source of mesenchymal stem cells. The use of transplantation of preadipocytes and adipocytes to restore the volume of tissues has added a lot to the value of fat transplantation strategies. These cells are more advantageous as a cell source than mature adipocytes. They are capable of both proliferating to obtain larger cell numbers and of differentiating to obtain the tissue of interest. This study aims to compare the results of traditional fat injection and activated adipose derived mesenchymal stem cells injection enriched with platelet rich fibrin matrix in augmentation and rejuvenation of the distal leg.
INTRODUCTION
There is an increasing demand for leg contouring and improving its deformities nowadays, so it 177 became advantageous to use fat transfer for this purpose. Autologous fat transfer is a frequently used technique in aesthetic surgeries which restore natural youthful look and beauty. It can replace the loss of subcutaneous tissue and correct many cosmetic deformities such as skin atrophy and deep wrinkles [1] .
Early experience noticed that fat graft reabsorption was the main drawback; with 50-90% graft loss [2] [3] [4] . To prevent fat graft resorption, several techniques have been described [1] . Many authors proposed that the reason for fat resorption is the lack of sufficient revascularization of the central part of the fat graft [5] [6] [7] [8] . To overcome this problem, many studies suggested that the use of "Atraumatic Harvesting" with low negative pressure with small volume and "Layered Implantation" in different planes for each placement, may improve the survival rates of transplanted fat [9, 13] .
Several researches regarding specimen handling, type of cannula, the donor site, and anatomic characteristics of patients noticed that all these factors affect the degree of resorption of the transplanted fat graft [10] [11] [12] . Boschert et al., in 2002, analyzed whether adipocyte viability varied between the top, middle and bottom layers of the centrifuged aspirates. After centrifugation; they found that cells in the bottom-most layer contained 250 times more viable adipocytes compared to fat in the top layer, and 150 times more viable cells than fat in the middle layer [14] .
The presence of Adipose Derived Mesenchymal Stem Cells (ADMSCs) within the transferred fat is very crucial. Mesenchymal stem cells are abundant in adipose tissue and provide several benefits.
Their presence improve angiogenesis, graft vascularity [17] and contribute actively to the adipocyte pool allowing fat grafts to maintain their volume. These types of cells can be concentrated by centrifugation of the harvested fat [17, 18] resulting in an increased their number per milliliter in transplanted fat [19] .
There are several studies about the ability of platelet rich plasma to augment bone growth, promote wound healing and improve survival of fat grafts as because of its content of high concentration of various growth factors and other bioactive proteins that improve tissue repair and regeneration processes [20] [21] [22] . Results of clinical trials have suggested that growth factors in PRP not only influence the viability of transferred fat cells but may also play a bioactive role in the differentiation of precursor adipocytes within the graft into their mature form [23] [24] [25] [26] . These clinical studies have stated the efficacy and safety of use of PRP in hard-and soft-tissue augmentation by stimulating and enhancing native repair and regeneration [27] [28] [29] [30] [31] .
Platelet rich fibrin matrix is clinically documented as better product than platelet rich plasma due to its fibrin content. It can stimulate the production of viable blood vessels, fat cells, and collagen deposits that seem to persist over time. PRFM differs from other PRP systems in that it promotes the physiologic functions of fibrin and avoids the potential drawbacks of the included leukocytes. PRFM relies on local tissues' ability to generate a cellular response, and may not be as effective in unfavorable wound conditions such as hypoxia or infection [32] [33] [34] .
Fibrin matrix is essential for wound response, which enhances the delivery of growth factors. Fibrin mediates the adhesion of fibroblasts and other cells to the injured site. Basic Fibroblast Growth Factor (bFGF) also has a high binding affinity specifically for fibrin and fibrinogen. Studies have shown enhanced survival and differentiation of transplanted preadipocytes when coinjected with fibrin as a carrier material compared with controls. Other clinical studies have reported good results when treating patients with autologous fat co-injected with PRFM [35] [36] [37] [38] [39] [40] .
Aim of the work:
This study aims to assess the use of Platelet Rich fibrin matrix as a promoter for Adipose derived mesenchymal stem cells through their mixture to enhance graft taking and increasing the survival rates of the transferred fat in comparison to fat injection alone.
PATIENTS AND METHODS
The study was conducted between 2014 and 2016, included 14 patients. All were females; with age ranging from 40 to 55 years. Body mass index ranged from (19-22.9) . Patients complained from thin deformed lower legs with prominent bones and Achilles tendon) in addition to aging skin signs including wrinkles, pigmentations and irregularities and all underwent autologous fat grafting for leg augmentation and rejuvenation. Amount of fat injection was 100-200cc in lower third of the leg from the tendoachillies prominence to the point of maximum protrusion of calf muscles. Some patients demanded extra injection of fat for calf protrusion and some to improve ireegularities in the zone distal and around patellar protrusion.
The patients were divided randomly into two groups based on the addition of Platelet Rich Fibrin Matrix (PRFM) to the fat graft as a promoter or not:
• Group (I) included 7 patients who underwent fat transfer without adding PRFM.
• Group (II) included 7 patients who underwent fat transfer after adding PRFM.
Pre-operative evaluation:
Each patient is first photographed with the defects to be treated. The distal third of the leg is marked by drawing line horizontally from medial to lateral malleoli. Drawing horizontal line surrounding the most prominent point of calf muscles a vertical line is drawn from the most prominent point of calf muscle to tendoachilies in order to divide this region into two halves medial and lateral halves in order to inject equally both halves unless assymetrical. The amount of injection is 100-200cc per leg, means 50-100cc for each half.
Technique of fat transfer: The entire procedure took 60-90 minutes and was performed under either local anesthesia or spinal anesthesia.
I-The technique of fat harvesting [41]:
• The lower abdomen in each patient was chosen as the donor site for fat graft harvesting.
• The tumescent solution, containing 0.08% lidocaine and 1:500,000 of epinephrine, was infiltrated into the donor site.
• A 3mm liposuction cannula was connected with a 60ml syringe for fat graft harvesting.
• An appropriate amount of fat was gently aspirated to be prepared first before injection.
II-Preparation of Platelet Rich Fibrin Matrix (PRFM) [42]:
• A vacuum collection tube containing a thixotropic separator gel is prepared for blood collection. This tube is centrifuged for 6 minutes at 1100rpm, which yields a supernatant plasma/platelet suspension and the cellular components (erythrocytes and leukocytes) below the separator gel. The plasma/platelet suspension is transferred to a second vacuum tube containing calcium chloride, which initiates the polymerization of fibrin. This polymerization process is completed in about 10 to 12 minutes. These platelets are, embedded in the fibrin matrix, and differ as mentioned before of its capababilites of sustained release of growth factors for longer time.
I-Refining and purification of fat:
• To remove lidocaine, oil, and residual red blood cells the fat grafts were washed with normal saline inside the syringe in sterilized condition and then were centrifugated at low speed (1000 rpm, for 2 minutes).
• After centrifugation, the fat cells was concentrated in the middle layer; this concentrated fat underwent second centrifugation. So, it was divided into 3 parts top, middle and bottom. I used the cells from the bottom fat layer of centrifuged aspirates which have a large number of viable cells.
• However, in group II, double dose of fat mixed with half dose of PRFM before injection, the temperature is controlled at 25ºC throughout the procedure.
II-The technique of fat injection:
• In the two groups, incision was made in skin creases over calcaneal area and fat grafts were injected with a syringe connected to a blunt cannula whose external diameter was 2 or 3mm. • Injection was done in the subcutaneous plane in previously demarcated area.
On both sides of the Achilles tendon in a retrograde manner 50-100cc on both sides of the vertically drawn line, dispersing small a liquots of fat (0.3-0.5ml per pass).
• Gentle massage was done with fingers and palms of the surgeon to ensure a smoothly distributed correction.
III-Post-operative care and follow-up:
• The grafted site was immobilized with venous compression stocking for 3 weeks.
• Post-operative antibiotic was recommended for all cases for 10 days.
• Patients were instructed to raise their legs during sitting and to avoid long periods of standing.
Post-operative assessment took place after 3, 6 18 months by measuring the circumference at the mid-point of the lower one third of leg according to previous description. Standard photos were taken during each visit. These photos were used to compare both the shape and the skin condition as regarding wrinkles, texture, pigmentations in the injected site with those taken pre-operatively.
Follow-up visits for group II:
Cases of group II were subjected to platelet rich plasma injection on monthly basis for 6 months, this aims to improve skin quality and also refine hyper-pigmentations and wrinkles, this procedure was done as out-patient clinic.
Technique of platelet rich plasma preparation:
• A tube containing an anticoagulant (citrate dextrose) is prepared to collect (10cc of blood). The first centrifugation "soft centrifugation" is done at speed of (3600rpm for 3 minutes), which allows blood separation into three layers, namely bottommost RBC layer (55% of total volume), top most acellular plasma layer called Platelet Poor Plasma (PPP) (40% of total volume), and an intermediate Platelet Rich Plasma (PRP) layer (5% of total volume) called the "buffy coat".
• This tube underwent a second centrifugation (2400rpm for 15 minutes), called "hard centrifuge". This allowed the platelets (PRP) to settle at the bottom of the tube with a very few RBCs. The acellular plasma, PPP (80% of the volume), was found at the top. Most of the PPP was removed with a syringe, and the remaining PRP was injected on each visit. We can use PPP for topical application also [43] .
The final results in each patient were evaluated subjectively according to sets of pre-and postoperative photos by the patients themselves, a plastic surgeons staff not involved in the procedure, and nurse in out patient clinic. The three populations performed standardized questionnaire and evaluated pre and post-operative photos at 3, 6, 18 months. Participants were also asked to evaluate improvement in contour and persistence of results on an analog scale [score: Poor results=0, satisfactory results=1, excellent results=2].
RESULTS
In all patients of both groups, the lower abdomen was used as a donor site for fat. The amount of fat that lipo-aspirated ranged from 100 to 200cc. Technique of harvesting, handling and injection of fat containing mesenchymal derived fat cells was fixed. In group II fat was mixed with platelet rich fibrin matrix in ratio of 2:1 before injected by same technique as group I. The follow-up visits continued till 15.1+3 months.
All patients noticed that the use of fat grafting not only provides a volumetric effect but also improves the quality of skin. They feel their skin is thicker, firmer with improved contour. These findings were higher in group II.
Objective evaluation of results was also done including pre and post-operative measurements of lower leg circumference at the previously mentioned site and those measurement were recorded for both groups. Timing of measurements was before the procedure and at 3, 6 and 18 months ( Tables 1,2 ).
In group I one case required repetition of injection after 18 month and the ratio of fat loss ranged from 28% to 50% after 18 months. In group II the loss percent reached up to 28.5% after 18 months.
As regard the post-operative complications ( Table 3) , all the patients of both group had edema and bruising, those resolved within 7 to 10 days. Three cases (2 in group I, 1 in group II) had dark discoloration of the skin which lasted 2 months in group I while resolved early in group II. 5 cases (3 in group I, 2 in group II) had mild numbness of the incision site which resolved in three weeks but there was no case of nerve injury. No recorded infection or cellulitis in both groups.
Neither scars, nor obvious contour irregularities were visible in any patient during the follow-up. No further complications were demonstrated during the long-term follow-up.
The means of scoring system during all followup visits of each case that was assessed by the patients, independent plastic surgeons, and nurse and the average of each population score were summarized in (Table 4 ). 
DISCUSSION
Attractive leg is an important secondary gender characteristic in women especially in our culture where skinny legs with bony prominences seem unattractive. Fat transfer to the extremities is a minimally invasive procedure that has unique consistency, softness, with no additional cost to patients. But the late results can be disappointing because of resorption and volume loss [41, 44, 45] .
Current efforts focus on minimizing resorption and providing more predictable late results. Coleman advanced "Structural Fat Grafting" technique, which focused on the atraumatic harvest method, centrifugation for purification and specific injection techniques. These steps improve fat survival hence the patient satisfaction according to coleman [46] [47] [48] [49] . In several studies the lipoaspirats was centrifuged to separate fat and to concentrates transferred adipocytes [17, 18] ; resulting in an increased number of viable cells per milliliter of fat transplanted [19] . It also concentrates the adipose derived mesenchymal stem cell fraction and enhance graft-take [50] .
Yun Xie et al., also used a low negative pressure in aspiration of fat, with a single stage centrifugation and then they inject it into the face for cosmetic facial contouring [51] . In our study we also used low negative pressure fat aspiration and washed fat with normal saline after first centrifugation, the fat was concentrated in the middle layer then collected and a second centrifugation was done and cells from the bottom fat layer of centrifuged aspirates was used as it contains a large number of viable cells.
Studies were done to detect the effect of donor site on fat cell viability. They found no statistical differences in adipocyte viability among abdominal fat, thigh fat, flank fat or knee fat [52, 53] . In another study by Schipper's adipocytes were found in superficial abdominal fat (superficial to Scarpa's fascia) to be the most resistant to apoptosis, and therefore a superior fat donor site [54] . Also other studies agreed on abdomen as rich source of adipocytes while medial thigh and knee to have the poorest adipocytes viability levels [55] . Also, in this study, the lower abdomen in both groups was chosen as the donor site for fat graft harvesting.
α-granules of platelets contains: Plateletderived growth factor, transforming growth factor, platelet factor, interleukin, platelet-derived angiogenesis factor, vascular endothelial growth factor, platelet-derived endothelial growth factor, insulinlike growth factor, fibronectin which could stimulate revascularization of the implanted adipocyte-rich gel and constitute a three-dimensional matrix that allows for the arrangement of adipocytes into the correct spatial organization [56, 57] .
Anthony et al., stated that platelet-rich fibrinogen matrix is a better product than PRP for use in plastic surgery because: The action of PRFM is more steady and sustained for longer time, yielding increased and sustained concentrations of growth factors during healing of different wounds [42] . Several studies as Scheller have shown enhanced survival and differentiation of transplanted preadipocytes when co-injected with fibrin as a carrier material compared with controls [36] .
In this study cases were divided into two groups; in group I:100-200cc of fat were injected as pure fat, but in group II we choose to mix transferred fat with platelet rich fibrin matrix in ratio of 2-1 in order to get benefit of fibrin matrix together with platelet active growth factor to improve fat graft survival. We had no need to inject big amount of fat each leg had 100-200cc to minimize percent of fat necrosis. In this study, follow-up of patients in both groups was done at 3, 6, 18 months post-operatively and in group II we injected platelet rich plasma on monthly basis for the first 6 months. This was done as out-patient clinic procedure in order to sustain providing these cases with active growth factors. This preparation was done with very minimal cost comparing this to prices of other commercial growth factors.
The average of the satisfactory results evaluated by the patients, plastic surgeons, and nurse in group I were found to be 1, 0.7, 1.3. While, in group II it was more than 1.4, 1.6, 1.7. This was most probably due to loss of fat injected from 28% up to 50% after 18 months of follow-up in group I.
The satisfaction ratio of surgeon in group II, could be due to longevity of the result and achievement of the aesthetic results. However, the satisfaction of the patients was determined by short term results and minimal post-operative lay-down period. This could be due to more soft texture of PRFM in comparison to fat grafts in group I. In addition, the longer average time of follow-up in group II reflect the patient satisfaction for persistent results and trusting in the remedy. The measurement of circumference after 18 months showed 28.5% loss.
In both groups there was no recorded infection or cellulitis as the total injected amount didn't exceed 200cc. In group II which had follow-up with injection of platelet rich plasma showed rapid improvement of discoloration and texture of skin especially in the first 3 months.
There are different causes of the soft tissue deficiency, but no matter how it becomes clear that the activated fat grafts can survive and maintained after transplantation for more than 18 months. The long-term results are even more encouraging when combined with platelet rich fibrin matrix in group II. Autologous fat grafting with activation of adipose derived mesenchymal stem cell with platelet rich fibrin matrix can be a semi-permanent option for many patients who are looking for long term cosmetic soft-tissue contouring of the leg without the need of repetition of fat graft procedure which definitely add more cost and frustration to patients.
Conclusion:
Fat graft containing adipose derived mesenchymal stem cells mixed with platelet rich fibrin matrix gave better and long lasting results with minimizing the amount of fat resorption than traditional fat injection serving both augmentation and rejuvenation purposes in a place such as lower leg with no abundant capacity and higher incidence of complications as fat resorption or cellulitis.
